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Design Concept
◦ Goals

◦ What is a Dewar?

◦ Design parameters

Chosen configurations

Analysis

Proposed system for future research



Goals: Investigate 4K cooling Approaches 

for 100W and 3000W heat loads & 

Develop 4K(-452ᴼF)/77K(-321ᴼF) Dewar 

Design Concept

Note: Room temperature 293K(68ᴼF)

Light bulbs 60 – 100W heat load

Electronic heaters can be 3000W



A vacuum flask or thermos: 
an insulating storage vessel 
that lengthens the time 
over which its contents 
remain hotter or cooler 
than the flask's 
surroundings

◦ Two flasks, placed one within 
the other and joined at the 
neck (closure)

◦ The gap between the two flasks 
is partially evacuated of air, 
creating a near-vacuum that 
can prevent heat transfer 
between the inside and outside 
of the system



Look at the effects of the configuration on the system
◦ Conduction heat transfer

Add insulation to said configuration

Considerations
◦ Restricted the space 1 cubic space for 4K and 1 cubic space for 77K 
◦ The location of the heat load
◦ If the heat load is immersed in a fluid (i.e. helium, hydrogen, air)
◦ Where the heat loads are with respect to one another 
◦ Plain walls
◦ Dimensions of the system
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Configuration a

Where temperature change occurs

◦ Ta – (298K -77K)
◦ Tb – (298K - 4K)
◦ Tc – (3000W-77K)
◦ Td – (77K-4K)
◦ Te – (100W-4K)
◦ Tf- (3000W- 100W)
◦ Tg – (3000W-4K)
◦ Th –(100W-77K)
◦ Ti – (100W-298K)
◦ Tj – (3000W-298K)

298K
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Configuration c
Configuration d
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Configuration e Configuration f
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Considered the 
◦ Total system heat transfer

◦ Plain wall material

◦ Layers/type of insulation

◦ Changing the room temperature

◦ Varying the temperature of 
Helium
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Lockheed Martin-preconditioned [1]

◦ Nbar = layers/mm
◦ Ns =  Number of Shields
◦ Th = T2, Tc = T1
◦ Cs = 8.95*10-8; and Cr = 5.39*10-10; Constants 

that describe thermal performance 
◦ Etr = 0.031; Room temperature emissivity
◦ Tm = (Th-Tc)/2; Mean insulation temperature, K

General
◦ A = Area of the plain wall

◦ q = Heat transfer coefficient

◦ k  = Thermal conductivity

◦ T2  = Warmer of the two temperatures

◦ T1  = Colder of the two temperatures

◦ L = Depth of the wall



Resulting total system heat 
flow with system variations
◦ Varied room temperature 

(e.g. 298 – 70K)

◦ Looked at plain wall             
(e.g. silver – graphene)

k_PW
410 4000 410 410 410 4000 4000 4000 4000 4000 410 410 410

k_air
0.024 0.024 4000 0.024 0.024 4000 4000 4000 0.024 0.024 4000 4000 0.024

Outside 298 298 298 70 298 298 70 70 70 298 70 298 70

He 4.2 4.2 4.2 4.2 1.5 4.2 4.2 1.5 4.2 1.5 4.2 1.5 1.5

H2 77 77 77 77 77 77 77 77 77 77 77 77 77

a 30 268 30 24 31 268 209 216 209 276 24 31 25

b 57 533 57 45 59 533 414 429 414 548 45 59 47

c 381 3692 381 369 395 3692 3573 3705 3573 3824 369 395 383

d 381 3692 381 369 395 3692 3573 3705 3573 3824 369 395 383

e 191260 1865948 15 191248 191260 150 31 31 1865830 1865949 3 15 191248

f 532 5189 14 520 532 138 20 20 5070 5190 2 14 520

Te
m

p 
(K

)
Co

nf
ig

ur
at

io
n

Th
er

m
al

 

Co
nd

uc
ti

vi
ty

 

(W
/m

.C
)

Variables

Heat Flow (KW)

Just silver between air 
and the plain wall

Lowered outside 
temperature, 
graphene between 
silver and plain wall
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◦ Substitute Helium (4K) with a multistage Adiabatic 
Demagnetization Refrigerator

◦ Spherical shaped system, operate entirely by conduction 
and utilizes graphene to insulate the walls on the inside 
of the system and multilayer insulation on the outside 
of the system
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